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a 
SOME MUNICIPAL WATER PROBLEMS. 
BY L. H. P AMMEL. 
One of the most important subjects engaging the attention of 
cities of various size in this country is a good, wholesome water 
supply, a, supply which shall be free from those organisms which 
are responsible for certain diseases that may be classed with the 
preventable. In various parts of this country, efforts are being 
made to supply the smaller cities with a good supply of water, and 
for this reason sewage disposal systems are being installed. The 
public has a right to demand that the water used for domestic pur-
poses shall be of the best; it should jealously guard, therefore, the 
source of supply. The water supplying our cities comes from the 
following sources: rivers, lakes, mountain rivers, springs, and 
wells. Let us look for a moment at the sources of water supply. 
Taking the streams that occur in Iowa, we find very few but what 
collect a considerable amount of material that is undesirable in 
water. On such a large stream as the Mississippi, there are lo-
cated the important cities of Keokuk, Burlington, Davenport, Rock 
Island, Muscatine, Clinton, and Dubuque. The water of this stream 
has many chances of pollution, especially so because people are not 
careful with reference to the discharge of waste matter and sewage 
into the streams. For this reason, some of these cities have been 
forced to not only filter their water, but rely on deep wells. Daven-
port is an illustration where an efficient filter system eliminates 
most of the injurious organisms, and we find from the records made 
by Mr. M. T. Evinger and W. L. Fulton that the average of Missis-
sippi River water at Burlington contains 48,000 organisms; the 
filtered water contains 640 organisms. At Davenport, the Missis-
sippi river contains 90,000 organisms, and the filtered water 2,800 
organisms. It will be seen that the Burlington filtration plant elim-
inates 98.9 per cent organisms, and at Dave:qport 96.9 per cent 
organisms. We have here an efficient filtration system. It has 
likewise been shown for the city of Albany, New York, where there 
was a particularly high death rate of typhoid fever; that filtration 
eliminates most of the bacteria. The present water supply of Al-
bany comes directly from the Hudson River, passes into a small con-
crete structure, into the pumping station, then into a sedimentation 
basin, thus becoming aerated. The water is thus allowed to purify 
itself, and later passes through filters of gravel of three grades. 
(115) 
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From the results of Mr. Allen Hazen's work, it appears that the 
unfiltered water from the Hudson River on Sept. 29th had 11,545 
bacteria per cubic centimeter, filtered 608; Sept. 16th, unfiltered 
1,483, filtered 306; Sept. 23d, unfiltered 17,403, filtered 273; Sept. 
30th, unfiltered 22,600, filtered 259. It will thus be seen that the 
storage of water in the reservoir, and the later filtration have done 
away with a large number of organisms, and that it has very mate-
rially reduced the death rate of typhoid fever in the city of Albany. 
The average death rate per hundred thousand of this disease for 
the city of Albany, was 85 for 9 years ending with 1898. During 
the 4 months in which the filters had been in operation, 7 deaths 
had been reported, and for the corresponding months of 9 years 
ending with 1898, the average number was 24. 
Mr. George C. Whipple, in discussing the value of pure water, 
gives the following interesting table, comparing the death rate 
before and after filtration of the water supply of Albany: 
ALBANY. 
EFFECT OF FILTRATION ON DEATH-RATES AT ALBANY, N. Y., AND A COMPARISON 
WITH TROY, N. Y., WHERE THE WATER WAS NOT FILTERED. 
DEATH RATES FOR 100,000 
Condition 1894-98, before I 1900-0~, after I IPer cent. Re-Filtration at Filtration at Difference duction of 
Albany Albany Death-Rates 
Typhoid fever .................. ! 10-1 26 78 75 
Diarrheal diseases .............. ' 12.j 53 72 57 
Children under 5 years ......... 606 309 297 49 
--------
Total deaths ............... 2,26-1 1,868 378 17 
TROY. 
Typhoid fever ................. · 1 .57 5i 0 0 
Diarrheal diseases .............. 116 102 14 12 
Children under 5 years ......... 531 435 96 18 
Total deaths ............... [- 2,15'7 2,028 129 6 
He calls attention to the very interesting fact which has been 
observed before, that the reduction of the typhoid fever death rate 
following the substitution of pure water for a contaminated water 
is often accompanied by a drop in the death-rate from other 
diseases. The above table shows the reduction from general diar-
rhoeal disease, and the deaths of children under 5 years of age 
were much greater than in the case of typhoid fever. 
• 
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"That the reduction of infant mortality and deaths from diar-
rhoeal diseases was not due to other conditions seems probable from 
the fact that in the neighboring city of Troy, where the water 
• supply was not changed, there was no such diminution during the 
same period." 
• 
The following table by the same author is a summary of the 
typhoid fever death rates in different cities and towns of the 
country which used ground waters or filtrated waters: 
STATE I 
Number of Cities I Number of 'I Average Typhoid 
and Towns Years Averaged Fever Death-rate. 
Averaged per 100,000 
Maine ........................... . 2 5 6.4 
Massachusetts .................... . 23 ,5 15.8 
Connecticut ...................... . 4 5 9.5 
New York ........................ . 13 5 24.7 
New Jersey ....................... . 10 1 20.5 
Pennsylvania ..................... . 5 1 31.8 
Ohio ............................. . 22 5 32.4 
The subject of water supply for rural communities will become 
more and more important as the years go by. Dr. H. B. Stone and 
C. P. Moat, in making a study o:I: the ground waters of Vermont, 
call attention to the contamination of the ground waters because of 
the long use of wells and buildings. "The Vermont farm and 
farmhouse are old; generation after generation has in turn added 
its dejecta to the soil which has gradually been permeated to a 
considerable distance so that we find the unmistakable marks of 
sewage, recent or remote, in many of these old wells which are 
considered by the users to be as unimpeachable as when they were 
pronounced good by their ancestors." They find that the total 
death-rate of typhoid fever in that State is 31.1. Of the urban 
population, the rate is 27.8, while among the rural population it 
reaches 31.7, per 100,000. It is always safer, in a densely populated 
country, to use filtered water in preference to water from a stream 
that passes through a country where there are some chances of 
water pollution. It is safer to allow the water to be stored and 
thus, as has been well shown by Dr. Sedgwick, the organisms 
will diminish. "Conversely, if a running water such as we have in 
a river can be converted into a quiet water,-as in a reservoir,-
just such purification as we have discovered in Burlington may re-
sult. This is, indeed, what takes place, fortunately, with water 
derived from polluted watersheds and stored in huge reservoirs,-
great and often adequate purification may be esta.blished by pro-
lo~ged quiescence, or storage. There is every reason to believe 
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that the principles involved in the purification which goes on in 
Burlington are typical in whole or in part of many other similar 
cases. Some bacteria perish almost immediately in the cold water 
of the lake ; some settle to the bottom and perish there ; some are 
killed by light as they float on the surf ace; some are devoured by 
predatory infusoria; the more hardy survive, perhaps, but do not 
multiply because of lack of food and other unfavoring conditions, 
and so are simply scattered by dilution; until finally only those 
remain which can permanently thrive in the now relatively pure 
water; and these are apparently mostly harmless." 
It has been shown that a rapidly flowing stream is not so injuri-
ous to the bacteria as a stored body of water. It may be of 
interest in this connection also to call attention to the elimination 
of typhoid fever and intestinal bacteria in water coming from the 
Chicago Drainage Canal. In a report made by Drs. Jordan, Russell 
and Zeit it was shown that the typhoid organisms soon lost their 
vitality. "It may be concluded that the vast majority of the typhoid 
bacilli introduced into the sewage of the Chicago Drainage Canai, 
under the conditions which prevailed during the conduct of this 
experiment, disappear within two·days after their introduction, and 
that while it may be true that individual cells endowed with special 
powers of resistance maintain their vitality for a longer period, 
the outcome of this experiment shows that such an assumption 
finds little warrant. Furthermore, assuming that such survival 
of typhoid bacilli with rare powers of resistance did sometimes 
occur, there is some ground for supposing that such adaptation to 
a saprophytic mode of life might be associated with a lowered viru-
lence. The facts instanced by Hankin, and by Remlinger and 
Schneider, regarding the occasional presence of typhoid bacilli in 
natural waters apparently possessed of slight virulence, or even 
wholly innocuous, are sufficient to demand careful consideration of 
this possibility." 
Since then, H. L. Russell a.nd C. A. Fuller carried on investiga-
tions of the longevity of the typhoid fever bacillus of natural waters 
and they arrived at the very important conclusion that these typhoid 
organisms lived somewhat longer. 
"Comparing these two types of surface waters, one from an in-
land lake, of moderate dimensions, the other from a very much 
larger water reservoir, it appears that the results of these two sets 
of experiments are not greatly different. In Professor Zeit's work, 
the average period of longevity was about seven days, while in our 
studies it has ranged from 8 to 10 days. Still, by far the most 
• 
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of the typhoid organisms disappear before the end of a week. It 
is, however, necessary to set the limit at complete disappearance, 
.. although it has been generally noticed that there are often a few 
seemingly more resistant individual germs that persist for an 
appreciably .longer time than the average." · 
The low death rate from typhoid fever is well shown where fil-
tered water is used as in the case of the city of Amsterdam, Hol-
land, with a population of a half million, which has a death rate 
varying from 81/2 to 19 per 100,000. Taking the city of Lawrence, 
Mass., which has had a particularly high death rate of typhoid fever, 
we find that the death rate varied from 48 to 123 per hundred thou-
sand. Lawrence used unfiltered water. Taking a few illustrations 
of the interior of the country, we find that the death rate of typhoid 
fever in some cases is unusually high, as in the city of Denver, 
where the number has fluctuated from 30 to 217 per hundred 
thousand population. The cities taking their supply from the 
Great Lakes are not exempt from danger; this is shown in the 
death rate from typhoid fever; in Chicago, prior to the installa-
tion of the present drainage canal, the death rate fluctuated 
from 31 to 160 per hundred thousand. It may be of interest to 
note in this connection that the city of Des Moines has an unusually 
low death rate from typhoid fever. 
Mr. A. M. Bleile, who made a study of the sources of public water 
supplies of Ohio, makes this statement with reference to the Scioto 
River, which furnishes the city of Columbus with water: "There 
is not a progressive increase in the number of bacteria straight 
down stream. In other words, it is apparent that the large number 
of bacteria which gain access to the river are lost in some way, 
that is, that the water purifies itself as it is carried on through the 
stream bed. This can best be seen if we compare the figures shown 
by a station below town with the figures obtained at the station 
below, above the next town. Just how much purification takes 
place in a running stream and how this purification or destruction 
of bacteria is effected, are moot questions. Several causes are 
here invoked. It is known that exposure to sunlight will kill off 
many forms, and it is further known that aeration, while it will at 
first increase the number of bacteria, will eventually cause the 
destruction of a large number of them. Then, sedimentation may be 
a factor of some moment, though that this should be very great 
in the rivers here in consideration, does not seem probable. Then 
it is to be borne in mind that our bacteria must be of a low specific 
gravity, not much different from that of water, and that they there-
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fore would not tend to settle rapidly. Further, many forms are 
endowed to a high degree with the power of motility, and there is 
no reason to assume that they would seek the bottom of a stream 
rather than the higher portions of the water. It is true that the 
sediment of a river 'may be found higher in bacteria than the water, 
but this would follow from the fact that this sediment contains 
large quantities of organic matter, food for the bacteria, and that 
they would increase enormously in this habitat. This purification 
goes on to a marked extent, even in the course of a few miles, as 
witness, for example, the numbers for August below Columbus, 
195,100, and at Shadeville at the same time, seven miles below, 
where the number drops to 885." 
Burrill, Jordan, Zeit, Long, and others concluded that the dis-
charge of the Chicago sewage into the valley of the Illinois had no 
effect whatever upon the Illinois River at its mouth beyond increas-
ing the chlorine and other mineral constituents. They found that 
between Chicago and Peoria, that some of the streams flowing into 
the Illinois, had as many organisms as the Illinois River above 
Peoria which had been richly charged with sewage organisms from 
Chicago drainage canal. 
It was my privilege, last Summer, to investigate, along with Prof. 
Bissell of Ames, John W. Alvord of Chicago, Prof. W. T. Sedgwick 
of Boston, Mr. J. R. Freeman of Providence, Rhode Island, Prof. 
A. C. Abbott of Philadelphia, Prof C. Harrington of Cambridge, and 
Prof W. J. Roberts of Pullman, Washington, the supposed pollution 
that would follow the construction, maintenance and operation 
of the Chicago, Milwaukee & St. Paul Railway, through a portion 
of the Cedar River watershed from which the city of Seattle obtains 
its water supply. The case is of particular interest because the 
question had not been raised prior as to the possibility of pollution 
from a railroad by merely passing through a watershed and along-
side a stream supplying a large city with water. The railroad was 
particularly anxious to obtain a right of way to the city of Seattle, 
which owned a portion of the territory of the watershed, in order 
to get an easy grade into the city. The writer had been in corres-
pondence with the president of the road in Washington, concerning 
the danger of such pollution, and he gave it as his opinion that if 
the stream was properly safeguarded, during construction and 
maintenance, pollution would not occur. The city council finally 
passed an ordinance granting a strip of land 100 feet wide to keep 
within certain distances from the river bed, that the bridges should 
be solid-decked structures, and approaches to them and trestJe 
should be so constructed and maintained as to prevent anything 
• 
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dropping from the engines and cars into the river; that all neces-
sary precaution should be taken during the construction of the 
railway. It was provided further that the living quarters of any 
and all employees engaged in the care and maintenance of the road 
should be located at such distances from the river as directed by 
the city, and that no stations should be established or maintained 
between the city intake and easterly terminus. The city was 
further authorized to employ the services of an inspector during the 
process of construction. The ordinance was duly signed by the 
mayor. The King's County Medical Society protested, stating that 
the city water supply in spite of all precautions would become con-
taminated. Somewhat later the State Board of Health also took 
up the matter and protested. It was thought best to have a thor-
ough examination made of the water supply to decide this question. 
The ordinance on suggestion of some of the experts was amended so 
as to provide for filtration areas and for the appointment of a 
sanitary engineer subject to the approval of the State Board of 
Health. Said engineer to have full control in all matters pertaining 
to sanitation and power to prescribe sanitai::y regulations for man 
and animals; to employ one or more inspectors who shall enforce 
such regulations and rules, and shall have special police powers. 
These rules shall have the approval of the State Board of Health. 
He shall employ one or more competent physicians who shall ex-
amine and report to the city and State Board of Health upon all 
cases of illness and shall cause the immediate removal from the 
watershed any afflicted with a communicable disease. The salaries 
and compensations of all persons so employed shall be paid by the 
grantee, successors, or assignees. The ordinance further provides 
that while trains are being operated over the right of way granted 
by the city of Seattle, all closets shall be locked or provided with 
receptacles to prevent human waste from falling upon the road bed, 
whenever so required by the State Board of Health. 
In order to properly discuss this matter, it will be necessary 
to look at the conditions found elsewhere in the country. It is 
almost impossible to find a watershed in the more settled portions 
of the United States but what is traversed by railways, and in 
many, these railroads follow the streams for miles, in many in-
stances a few feet from the edge of the water, but so far as I know, 
no complaint has been made that railroads pollute the water. A 
notable illustration is the city of Altoona, Pennsylvania; at this 
point the Pennsylvania Railroad has four extensive shops. There 
are four tracks, and thousands of passengers are carried over these 
tracks every day, besides an enormous amount of freight. The 
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water supply for the city of Altoona is from surface streams and 
reaches the city by gravity. The water is collected into reservoirs, 
and from these the water is distributed to the city. The elimination 
of most organisms is brought about through the action of sedi-
mentation. Taking the death rate for typhoid fever from 1898 to 
1901, we find that it varies from 9 to 31 per hundred thousand, and 
for most years it was below 20. The typhoid fever death rate for 
a few cities is as follows. These figures were at the rate of per 
hundred thousand. Some of these cities are traversed by railways. 
The death rate for Boston is 26; New Orleans, 49; Columbus, Ohio, 
51; New York, 19; Detroit, 18; Denver, 30; Hartford, Conn., 58; 
Milwaukee, 18; Chicago, 31; Pittsburg, 122; San Francisco, 31; 
St. Louis, 31; Washington, D. C., 66; Wilmington, Del., 38; Louis-
ville, 60; Philadelphia, 51; Minneapolis, 42. 
Mr. Alvord has given the following table showing the population 
in 1900, source of the water supply, and approximate mileage of 
railroads, and the number of stations: 
City 
New York ......... . 
Boston ........... . 
Baltimore ......... . 
San Francisco ...... . 
Providence, R. I ... . 
Kansas City. . . .... . 
St. Paul. ... 
Rochester, N. Y ..... 
Denver, Col. ....... . 
\Vorcester, Mass ... . 
New Haven .. . 
Fall River ........... 
1
: 
Omaha, Neb ........ . 
I Scranton, Pa ........ 1 
, I 
Cambridge, Mass ... · I 
Grand Rapids ....... 
1 
Richmond ......... . 
Hartford, Conn .... . 
Trenton, N. J ...... . 
Waterbury ......... . 
Mobile ............. . 
Population 
in 1900 Source I 
Approximate Mileage 
of Railroad and No .. 
of Stations 
3,350,000 Croton River ......... 45 miles railroad, 18 
560,000 
508,000 
342,000 
175,000 
163,700 
163,000 
162,000 
133,850 
118,.100 
108,000 
104,800 
140,000 
102,000 
92,000 
87,500 
85,000 
80,000 
75,000 
45,800 
38,400 
stations 
::\"ashua River, Sud-
burv and Cochituate 34 miles 
Gunp-owder River .... 38 miles parallel, 41 
stations on map 
Lake Merced, moun-
tain stream ........ . 
Pawtucket River ..... . 
Missouri River ...... . 
Small lakes ..... . 
Hemlock lake ....... . 
South Platte ......... . 
Lynde Brook ........ . 
Mill River ........... . 
Watuppa Lake ...... . 
Missouri River. . .... . 
Roaring Brook, Oak 
River ..... . 
Stony Brook ......... . 
Grand River ......... . 
Jam es River ......... . 
None 
10 miles, 10 stations 
Over 300 miles in im-
mediate vicinity 
No railroad 
No railroad, summer 
resort around lake 
75 miles, 14 stations 
No railroad 
35 miles, 10 stations 
5 miles, 3 stations 
210 miles below Sioux 
City, 12 station1 
10 miles 
5 miles 
260 miles, 70 stations 
150 miles parallel, 92 
stations 
(Brooks) . . . . . . 15 miles, 4 stations 
Delaware River....... 100 miles parallel 
(Ponds) .............. No railroad 
Clear Creek .......... No railroad 
• 
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However, that typhoid fever can be occasionally spread through 
carelessness on the part of railroads has been made evident in the 
report of typhoid fever in Butler, Pennsylvania. The city of Butler, 
with a population of 18,000, is situated in Butler County on a little 
creek 39 miles from Pittsburg, with an average elevation of 1,050 
feet above sea level. The country is sparsely settled; several rail-
roads enter the city. The water is derived from private wells, the 
Butler Mutual Water Association, and the Butler Water Company. 
A mechanical filter plant was established in 1902. The filters con-
tain ·six inches of gravel and three and a half feet of natural sand. 
During a part of the epidemic, this filter plant was not in operation. 
It was shown on investigation that there were several cases of 
typhoid fever in families living near the reservoirs on Thorn Run 
and Boydstown. Bacteriological examinations revealed that the 
number of organisms was not large, generally below 1,000, but in 
a few instances from 14 to 50,000. In a few cases, the colon bacillus 
was found. The watershed comprises 28,217 acres; it is sparsely 
settled at the rate of about 24 persons per square mile. The place 
is broken and hilly, and the run-off of water very rapid. Near the 
head waters is located a little village called Greece City. An investi-
gation of the entire watershed showed that not only had typhoid 
fever existed at various points within its boundary, but in 1902 the 
unusual number of 14 cases had occurred, and in 1903, 17 cases co-
incidently in the months of September and October. Three of 
these died. In 1903, the cases were divided among eight families; 
two of the cases occurred within 1,500 feet of the intake at the 
pumping station. The probable source of infection in the cases in 
close proximity to the pumping station was a well within 200 feet 
of the house, and partially underlying the tracks of one of the rail-
roads. The source of infection in the four cases existing in Sep-
tember in close proximity to the Thorn Run reservoir originated in 
the person of a visitor from a distant section of the State. It was 
found, further, that the train crews and men to the number of 70, 
working on the railroad made use of the numerous privies found in 
close proximity to the stream and that this may have helped to 
spread the disease. 
Prof. Roberts, in speaking of the drainage area of Seattle, says: 
"Cedar River, from which Seattle derives her water supply, has 
a tributary drainage area at the intake dam of 150 square miles; 
at the power dam at Cedar Lake 75 square miles. With an annual 
rainfall, over the entire area, approximately 100 inches. The area 
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of the lake is about two square miles. From the power house, about 
three miles below the lake, to the intake, ten miles down stream, the 
river falls 35 to 40 feet per mile. Its principal tributary is Taylor 
Creek, flowing into the river near Barneston, and contributing 
about 20 per cent of the entire flow at that point. Other smaller 
creeks and large springs swell the volume flowing during the low 
water season from 30 cubic feet per second at the power house to 
160 cubic feet per second at the intake-a volume sufficient to supply 
1,000,000 people if taken direct from the running stream, and suf-
ficient for three or four million people if the total capacity of the 
water shed could be stored. Its purity at the present time is almost 
unquestioned. The entire water shed was heavily timbered until 
certain portions were logged off and burned over. The city of 
Seattle has acquired about 11,000 acres contiguous to the river and 
lake shores in order to the better protect her interests in this source 
of supply. 
"The major portion of the valley from power house to intake is of 
glacial drift: boulders, gravel and sand, interspersed with beds 
of clay and strata of cement gravel and hard-pan., Occasional dikes 
of trap and porphyry have intruded, and in the lower part of the 
valley broken blocks of basalt lie en masse." 
Originally, the region was heavily timbered, but from a portion of 
the water shed, the timber has been removed. Logging roads have 
been constructed through the region. In regard to the nature of 
the material from which the railroad passes, the following report 
was made by Professors Abbott, Sedgwick and Harrington: 
"It appears that along much of the proposed location, gravel and 
sand are not to be found. The forest floor appears to be reasonably 
thick, but at most points it consists almost wholly of combustible 
matter; and where fires have occurred the soil is shown to be chiefly 
loose rock, with neither sand nor gravel, and consequently not 
porous and suitable for effective filtration. At some points along 
the route clay and silt deposits are evident; but these materials are 
not suitable filtering media, for they do not permit percolation. In 
view of these facts, special provision will be necessary for proper 
disposal of such waste matters as may find their way to the surface 
of the ground within and near the limits of the right-of-way during 
construction and operation of the road; for without such provisions, 
the said wastes would inevitably be washed into the river in times 
of heavy rainfall, and, in the event of their containing pathogenic 
organisms, might lead to disastrous outbreaks of infective diseases. 
The fact is, however, that the character of the water can be ade-
• 
• 
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quately safeguarded by the adoption of methocj.s which will be de-
scribed in detail further on." 
• On the same point, Mr. Henry Alvord makes this statement: 
"The watershed of the Cedar River above the intake appears to 
be one of the most extensive areas of porous soil utilized for natural 
filtration of a public water supply which it has ever been my fortune 
to observe. The glacial drift of which it is composed consists of 
coarse and fine gravels intermingled to a depth of some hundreds of 
feet. We looked in vain for traces of clays or finer soils. The 
surface mould is thin for the most part, and the level of the soil 
water on the benches and plateaus back from the river is evidently 
at a great distance below the surface, as indicated by the location 
of springs and the depth of the eroded streams. There is little or 
no surface run-off of the rainfall. Numerous potholes exist, depres-
sions without visible outlet, and there was scarcely observed a dry 
run of any kind, or rivulet, save those of running streams, few in 
number, which were marked upon our map. 
The unusual porosity of the soil may be best illustrated by the 
statement that in passing over the located line of the railway, 
eleven miles along Cedar River, no run or rivulet or surface indi-
cation of any kind was observed leading into the stream which 
would. indicate that the rainfall passed over the surface of the 
ground. We also observed that in passing over the Northern 
Pacific Railway, which crosses the watershed from north to south, 
no pains was taken by that company to ditch its tracks, to provide 
small culverts, or even, in the case of very considerable depressions, 
to arrange for the passage of water from one side of its embank-
ment to the other. The soil, therefore, of this valley is a porous 
one, receiving the copious rainfall of this region and largely ab-
sorbing it, and by slow percolation filtering it to an unusual degree, 
thus creating the clear streams and exceptionally pure water." 
Prof. G. W. Bissell says: 
"The Cedar river watershed is formed in a vast deposit of glacial 
drift, from which the river and its tributaries have eroded channels 
in general to the solid rock. In the case of the Cedar river intake, 
• there have· been probably three different shore lines in the past, 
which have existed long enough to form benches, or steps, in the 
slopes of the river valley sides, this being especially noticeable in 
the vicinity of Barneston. Except where clearing for railroads, 
trails, logging purposes or by fire has been effected, the whole 
watershed is heavily timbered. Most of the surface of the water-
shed is very sloping, and much of it is very steep; the benches and 
11
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plateaus are nearly level, or slope back from the watercourses. 
There are numerous pockets, or sink holes, from which drainage 
is impossible. 
The subsoil is almost entirely a coarse gravel, the interstices of 
which are filled with finer material. The thickness of this gravel 
deposit of glacial drift is evidently, in most cases, several hundred 
feet. Very little clay was found. There are some boulders and out-
cropping rock. Overlying the gravel in the timber areas is a sur-
face covering a few inches to two feet in thickness of porous loam 
and humus, and the space between trees is almost filled by impen-
etrable undergrowth. The gravel which underlies this region is the 
best possible natural filter for surface impurities, and is of such 
thickness and extent as to preclude the access of surface pollution 
to the watercourses by percolation. The percolation, of course, of 
water takes place, but the material is of such a nature that 
thorough filtration is effected before the water has sunk very far 
into the' ground. · . 
Nature has made excellent provision for rendering innocuous 
objectionable material deposited on the natural ground surface of 
the watershed. In the case of direct pollution of the stream by 
deposit of objectionable or dangerous matter therein, nature's re-
sources for self-purification are somewhat restricted, and reliance 
must be principally on the effect of time and aeration of the con-
taminated water from the point of such contamination to its point 
of consumption. In some cases the water is cold enough to be a 
factor, by reason of such low temperature, in self-purification. Ex-
perience shows that this reliance is not always warranted, and 
sanitarians have placed a ban on direct pollution of streams which 
are the sources of supply of potable water." 
From the results of the investigation of the watershed which it 
was my privilege to examine, we found a considerable bed of clay 
on one of the tributaries of the Cedar River, on what is known as 
Taylor Creek ; here a number of large springs issued and entered 
Taylor Creek where the present Miller logging camps are located. 
Another series of large springs emptied into the Cedar River near 
the present intake of the Seattle water supply. I need only say in 
this connection that the water coming from these springs contained 
an unusually small number of organisms; it was bright and spark-
ling. Bacteriological analyses were made of water from various 
sources from the Cedar River and its tributaries, with the following 
results: · 
• 
• 
12
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Gelatin 
Date Date Litmus Temp. ot Location ot ot Non- I Agar Lactose Total Pl'g Ct'g Lique- Lique- Agar Water tying tying 
• 
Cedar .River, 
Barneston, be-
low N. P. bridge 7-18 7-21 10 10 0 0 20 61 
7-21 10 ........ .. . . .... .......• . ....... No 
7-22 10 10 10 10 
········ 
pollution 
7-22 10 0 10 10 ........ 
7-23 10 0 ........ 10 . ....... 
7-23 10 30 10 10 40 
Cedar River, 
Barneston, 
above N. P. R. 
R. bridge .•.... 7-18 7-21 10 10 0 10 20 61 
7-21 10 30 0 10 40 ~o 
7-22 20 30 10 10 50 pollution 
7-22 0 10 10 10 10 
7 24 10 30 10 10 40 
7-23 10 10 10 20 
Taylor Creek at 
mouth ......... 7-18 7-21 0 20 0 0 20 61 
7-21 0 10 0 0 10 No 
7-22 0 10 20 30 30 pollution 
7-22 40 10 10 40 50 detected to 
7-23 ........ ..... ... 10 10 10 date 
7-23 ........ . . . . . ... 10 40 40 
Barneston, barrel 
on top N. P.R. 
R. bridge ...... 7-18 7-21 20 40 0 0 60 75 
7-21 180 50 0 0 230 Pollution. 
7-22 180 50 40 0 230 Stagnant 
7-22 50 30 :lO 40 80 water, 
7-20 ........ .. . .. ... 40 40 40 many 
7-23 ........ .. . .. ... 20 . ....... 20 liquefiers 
Cedar River, 
above dam, 
lower end Ce-
dar Lake ...... 7-19 7-21 0 0 0 0 0 68 
7-21 0 0 0 0 0 
7-22 0 ........ 0 10 10 
7-22 0 0 0 0 0 
7-24 0 50 40 50 50 
7-24 0 0 50 40 40 
• 
Taylor Creek, Mil-
ler CampNo.5, 
sewage near 
creek .......... 7-20 7-21 0 0 1,000 2,000 2,000 Anaerobes 
7-21 1,000 0 13,000 1,000 13,000 and 
7-22 2,000 ........ 4,000 6,000 6,000 pollution 
7-22 5,000 ........ 5,000 13,000 13,000 
.. 7-23 5,000 . ....... 14,000 20,000 20,000 
7-23 5,000 5,000 6,000 6,000 6,000 
7-24 5,000 5,000 20,000 60,000 60,000 
7-24 20,000 ... ..... ........ 50,000 20,000 
s. w. shore of 
Cedar Lake .... 7-19 7-22 0 0 0 0 ........ 68 
7-22 0 0 10 0 ........ No 
7-23 0 0 0 10 ........ pollution 
7-23 0 0 10 0 ........ 
13
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I 
Gelatin 
Date Date Litmu8 Temp. of Location Of of Non- I L" Agar Lactose Total Water Pl'g Ct'g Ltque- ique- Agar 
I fying fy!ng 
I 
I Taylor Creek, be- I 
low Miller Camp I I No.5 .......... 7-20 7-21 0 . ....... 30 20 30 5,5 
. 7-21 . . . .. .. . ....... 0 10 10 Anaerobes 
7-22 40 2 40 200 200 
7-22 20 ........ 20 40 40 
7-23 140 ........ 40 20 140 
7-23 ................ 20 200 200 
7-24 . . . .. ... . . . . . ... 600 ........ . . . .. ... 
7-24 .. . . . ... .. . . . ... 400 ........ 400 
Swampnearoutlet. 
of Cedar Lake 7-19 ! 7-21 20 0 ................ . . . . .... 69 
I 7-21 0 0 ........ • ........ ........ One mould 
i 7-22 20 0 20 i 20 20 
7-22 0 0 40 10 40 
7-23 20 0 20 50 50 
7-23 20 0 -10 20 40 
7-24 20 20 40 50 50 
7-2-! . . . . . ... ........ 10 30 30 
Barneston water 
supply from tap 
near store, Tay-
1 or Creek, 
through pipe 1t 
mile .......... 7-19 7-22 ........ . . . . . ... 0 10 10 
7-22 . . . . . ... ........ 10 10 10 
7-23 . . . . . . ... . . . . . ... 0 10 10 
7-23 ........ . . . . . ... 10 20 20 
Cedar River be-
low power 
house .......... 7-19 7-22 0 0 0 0 0 61 
7-22 0 0 0 0 0 No 
7-28 0 0 0 10 10 pollntion 
7-23 0 0 10 0 0 
One mile from 
dam, s. W. I 
shore .......... 7-19 7-22 0 0 10 10 10 68 
7-23 0 0 10 10 10 No 
7-23 0 0 0 10 10 pollution 
7-22 0 0 10 10 10 
Mouth of Rex 
River, 200 feet 
from shore .... 7-19 7-22 0 0 0 0 0 68 
7-22 0 0 0 0 0 No 
I 7-23 I 0 0 0 o I 0 pollution 7-23 0 0 0 o I 0 Upper end of Ce-
dar Lake near I 
Cedar River .... 7-19 7-32 81 0 0 g I
0 68 
7-22 0 0 0 No 
7-23 0 0 0 0 pollution 
7-23 0 0 0 Oi 0 
Cedar River, half ! 
way between I 
power house I I 
and Barneston. 7-19 7-22 0 I 64 ........ ........ 1 0 i" ...... 
7-22 I No . . . . . ... •••••••• ! •••••••• 
..... ···I········ 
I 7-23 0 o I o o I o pollution 
I 7-23 0 0 i 10 10' 10 
14
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The results obtained and tabulated above show considerable pol-
lution of Taylor Creek water near the Miller Logging Camp. After 
returning home, further cultures were made; the presence of gas 
,. was noted. The number of organisms had increased somewhat. 
Gelatin 
Date Date 
I 
Litmus Location of of Non- Lique- Agar Lactose Acid Gae Pl'g C'tg Lique- Agar 
fying fying 
Cedar River 
Barneston, below 
N. P. bridge .... 8-7 8-9 . . . . . ... .. . . . ... ..... ... 55,000 ...... 32H+ 
8-9 . .. . . ... .. . . .... ........ 30,000 . ..... 42CO, 
Cedar River 
Barneston, above 
N.P. R.R. bridge 8-7 8-9 ..... ... ... . . .. ........ 8,000 0 0 
8-9 ..... ... ....... ........ 40,000 0 0 
Barneston, barrel 
on top N. P. R. 
R. bridge ....... 8-7 8-9 .. . . .... .. . ..... ... . .... 48,000 ...... 32H+ 
8-9 . . . . . ... ........ . . . . . ... 36,000 ...... 42CO 
Above Barneston .. 8-7 8-9 . . . . . ... .. . . . ... .. . . . ... 8,000 . ..... 0 
8-9 ... . . ... .. . . . ... . . . . . ... 40,000 ...... 0 
Cedar Rive1, above 
1 ...... 
dam, lower end 
Cedar Lake ..... 8-7 8-9 30 0 ........ 40 20H+ 
8-9 60 20 ..... ... 30 ...... rnco. 
Taylor Creek, Mil-
ler Uamp No. 5, 
sewage near creek 8-7 8-9 .. . . .... ..... ... ........ 180,000 0 68H+ 
8-9 ........ .. . .. ... .... .... . . . ... . . . ...... 62CO, 
s. w. shore of Ce-
dar Lake ........ 8-7 8-9 ..... ... .... .... 30 . . . ... . . . ...... 0 
8-9 ..... ... ........ 40 . . ....... ...... 0 
One mile out .... 8-7 8-9 . . . .. ... ..... ... 10 .. ....... ...... 0 
8-9 . . . ..... . ....... 20 ......... ...... 0 
Cedar River below 
power house .... 8-7 8-9 10,000 0 10,000 20,000 ...... 30H+ 
I 8-9 10,000 .. . . . ... 10,000 10,000 ...... 14CO,+ 
One mile from dam, I 
8-7 8 9 12,000 20H+ S. W. •hore ..... 
1 
. .. ····· 
........ . . ... ... ...... 
8-9 9,000 - 8Co.+ ..... ... ........ ... ..... ...... 
Mouth of Rex Riv-
er, 200 feet from 
60,000 0 0 shore .......... ·] 8-7 8-9 ........ ........ ...... 
8-9 . ·······[· ....... 48,000 0 . ..... 0 
Upptr end of Cedarl I Lake near Cedar 
River ........... 8-7 8-9 . . . ..... ..... ... ..... ... 168,000 ...... 48H+ 
8-9 ... .. ... . ....... ........ 48,000 .. .... ......... 
Cedar River, half 
way between 
........ 1 
power house and 
18,000 0 0 Barneston ...... · I 8-7 8-9 ........ ........ 
8-9. ........ ... ..... .. ...... 1 8,000 . ..... 0 
i i 
9 
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A considerable number of the samples of water contain gas pro-
ducing organisms, but in no instance did we find the colon bacillus, 
excepting in the water from the Taylor Creek camps. The small 
number of organisms in the water from various sources, excepting 
the logging camps, when plated soon after collecting, indicates a 
good supply of water and little organic matter. The temperature 
of the water at different points is such that organisms do not multi-
ply rapidly. The temperature of the water at different points is 
indicated in the following table: 
Locality 
Swamp south end of lake, surface....... . . . . . . . . . . . . . . . . 4::~o P. M. 69 
1 foot from surface .................................. 4:30 P. M. 68 
Cedar Lake, water near shore........................... 4:30 P. M. 69 
Power House, Cedar River.............................. 1:00 P. M. 66 
Mouth Cedar River, head of lake........................ 3:00 P. M. 70 
Swamp, Cedar River, upper end of lake ................. 3:30 P. M. 69 
Cedar River dam....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:30 P. M. 68 
Cedar Lake, i mile from dam ........................... 1:40 P. M. 69 
Cedar Lake, 1 mile from dam........................... 2:00 P. M. , 68 
Cedar Lake, 2 miles from dam ......................... -i 2:30 P. M. I 68 
Cedar L'.lke, southwest shore rocky promontory ......... 1 3:00 P. M. I 70 
Cedar River, half way to power house ................... 110:00 A. M. 61 
Cedar River water, 2t miles from power house to Barnes- 1 ~ 
ton .......... ····------· ............................. 8:00 P. M. 64 
Taylor Creek, 1 mile from Barneston.... . . . . . . . . . . . . . . . . 9:00 A. M. 50 
Taylor Creek, t mile up stream .......................... 10:00 A. M. 55 
Taylor Creek ........................................... 11:30 A. M. 42 
Spring Water ........................................... 11:45 A. M. 43 
.. 
72 
72 
72 
72 
72 
66 
.. 
68 
80 
84 
84 
There seems to have been a difference of opinion with reference 
to the nature of the soil as a filter medium. The writer, in his re-
port on this subject, made the following statement: 
The water dropping on the humus, percolates through the humus 
and a carpet of many small plants and humble mosses, then into a 
stratum of sand and gravel mixed in such way as to make a good 
filter. 
Professors Sedgwick, Harrington, and Abbott quoted elsewhere 
in this paper, made a statement that it was not an ideal filter. It is 
true as I have said, that at two points there are beds of clay, but 
nowhere along the proposed right of way. To· test the efficiency 
of filtration, samples of soil were collected at different points and 
on my return home the soil was placed in galvanized iron cylinders 
18 inches long. Ordinary deep well water having an average of 40 
bacteria per cc. was allowed to percolate through the soil and the 
16
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.number of organisms per cc. was determined. Then College sewage 
was allowed to percolate through these same cylinders filled with 
earth. The results obtained were as follows : 
All plates were plated on the 15th of August and counted on the 
17th. The College sewage had 540,000 bacteria per cc. The College 
Nater supply, 40 bacteria per cc. The number of organisms found 
m different media in effluent from different soil samples were as 
follows: Sample taken near river, 1,4 mile below Power House, 
Litmus lactose agar, 100, 500, and 300 bacteria per cc. Below 
Barneston, about half way to city intake, where the railroad will 
be quite close to the stream, the number of organisms per cc. was 
as follows: 140, 300, and 1,350. Sand and gravel half way between 
Power House and Barneston: Litmus lactose agar, 350, 400, and 300 
bacteria per cc. This although not a crucial test because the experi-
ment should have been conducted over a longer period, seems to 
indicate efficient filtration of sewage organisms. The water coming 
through the soil was clear, after the liquid _was allowed to percolate 
through for an hour or more. The writer is indebted for the 
mechanical analysis of the soils to Mr. E. B. Watson of the Soils 
Department of Iowa State College. This analysis shows consid-
erable gravel and sand but a small amount of clay. The point below 
Barneston was 50 feet from the river; sample No. III was 20 feet 
from the river. 
REPORT OF MECHANICAL ANALYSTS OF SOIL. 
s Analysis of "Fine Earth," Finer Than 2 M. M. 
"' ~~ -)jt It)~ ... .,, ... "' s "". c . c- s =s .,,s ~ So!! 1~:: ~s gs i:r. ~ "". "'. ~ "'s ~s c· bL ~ I ., . "' . gs .sS 8"' I ~~'tit ~8 ~ 8 s.,, <i:::~ !~ ~~ "' ::I<'> .,,.. ~Q). aJ,.-4 '"'~ :a .· 
"' 
~· ~· c; C':SL. d I C':S I 
""' 
.51:\l ... ,!. .5 ,· ~a ~= ... I otieS ·-"' 1 o.-. ". O<'> 0 o ;., Io ::.! r.. > !;< 00 (.) !;< 
----· 
I. One half way between 
Barneston and power-
house ............... 53.1 14.03 16.58 8.50 14.24 8.50 61.85 29.55 7.86 99.26 
II. Below Barneston ...... 5.9 1.42 4.10 4.70 32.36 21.21 63.81 30.13 6.07 * 
Ill. Just below power house 61.4117.40 12.79 5.66 22.01 11.74 69.60 23.06 7.34 t 
I 
* 100.01. tl00.00. 
Mr. E. B. Watson calls my attention to the results of some work 
carried on by the Bureau of Soils1 with reference to the absorption 
of organic matter. 
1. Bui. Bureau of Soils, 23 :46. 
17
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Attempts have been made to improve a lawn by applications of 
manure. It was noticed that the manure quickly disappeared and 
did not have the effect on the soil that was desired. There was no 
marked change in color even after two applications of twenty-five 
tons of manure per acre. Experiments indicate that organic matter 
added to the lawn oxidizes directly, the amount of co2 given off be-
ing equivalent to the amount of oxygen absorbed by the soil in closed 
vessels. The organic matter added to the lawn in its present condi-
tion decomposes very quickly with little, if any, formation of humus. 
In this respect the lawn, which is a very dry natured soil, seems to 
act similarly to a dry earth closet. 
The mechanical analysis of the Tacoma lawn soil as published 
in the bulletin referred to is as follows: 
Sample I Sample II 
Conventional Names ..., ..., ~ ~ 
Cl Cl 
<.) <.) 
.... .... 
Cl Cl 
~ ~ 
Fine grayeJ .............................................. . 4.1 2.5 
Coarse sand. . . . . . . . ...................................... . 28.4 32.5 
Medium sand ............................................. . 10.8 12.1 
Fine sand ................................................. . 8.2 8.0 
Very fine sand ............................................ . 2.7 2.3 
Silt ..................................................... . 29.2 26.9 
Clay ..................................................... . 16.5 15.5 
. The Washington soils differ from this in having only half the 
amount of clay and considerably more fine and very fine sand. The 
percentages of silt are the same. In general the soils are somewhat 
similar. 
, 
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A few years ago, the writer investigated the water supply found 
in various watersheds traversed by railroads. The summary of 
results with regard to the presence or absence of the colon bacillus, 
will be of interest in this connection: 
Stream Locality 
Presence or 
Absence of B. Railroad Paralleling 
coli communis Stream 
Clear Creek.. . . . . . . . . North of Denver. . . . . . A b~ent. 
Arkansas ............ Pueblo, Colo ......... Absent ...... . 
Arkansas ............ Salida, Colo .......... Absent ...... . 
Small tributary of 
Colorado Southern 
D. & R. G., Santa 
Fe; C. F. I. 
Denver & Rio Grande 
Denver & Rio Grande Arkansas ............ Shirley, Colo ......... 
1 
Abs~nt ...... . 
Arkansas.... . . . . . . Marshall Pass, Colo . . Absent. . . . . . . Denver & Rio Grande 
Gunnison ............ Grand Junction, Colo. Absent. Denver & Rio Grande 
Grand .............. Grand Junction, Colo.I' Absent ........ Denver & Rio Grande 
Snake River ......... American Falls, Idaho Absent ....... · 10. R. & N. 
North Pl.atte ......... 
1
. North Platte, Neb .... Absent ........ Union Pacific 
Cedar River ......... Waterloo, Iowa ...... Presentsewagei 
I from Cedar , 
Silver Bow Creek, I 
Falls ........ C., R. I. & P. 
Montana .......... Butte, Mont .......... 
1 
Absent ........ Northern Pacific 
Yellowstone, Mont ... Livingston ............ 
1 
Absent ........ Northern Pacific 
Yellowstone, Mont ... Billings ............... Absent ........ Northern Pacific 
Yellowstone, Mont ... Glendive ............ Absent ........ Northern Pacific 
Greene River, Wash. Green River Hot 
Springs ............ I Absent ....... . 
Des Moines, Iowa ... . 
Coon River ........ .. 
Williamette ........ . 
Boone ............... Absent ....... . 
Des Moines ........... Absent ....... . 
Salem. . . . . . . . . . . . . . . Present sewage 
empties into 
river from 
Northern Pacific 
C.&N. W. 
C., M. & St. P. 
Salem ...... S. P . 
19
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Stream 
Ditch from Clear Creek, Golden, Colo. July 20 7700 I 800 
9400 I 1400 
Average. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8050 I 1100 
Arkansas, Pueblo, Colo ............... July 22 9800 2800 
13600 
1400 ----
Average ........... . ...... ..... .... . ........ 11700 2100 
Arkansas, Salida ............. ........ July 23 28000 !10000 
45000 12000 
----
Average ........... .... ......... .. . . ........ 36500 11000 
Arkansas, Shirley, Colo ............... July 23 7200 1000 
8000 
1600 ----
Average ............. .............. ..... .... 7600 1300 
Tributary of Arkansas, Marshall Pass, 
Colo ............. .................. July 23 600 50 
500 100 
----
Average ............. .............. ..... .... 550 75 
Tributary of Arkansas, Marshall Pass, 
Colo .............................. July 23 1~g l_J_ 
Average. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 0 
Gunnison, Grand Junction, Colo ...... July 24 1750 ! 20 
1820 50 
Ayerage .......................... . 1785 35 
Snake River, American Falls, Idaho.. July 25 350 0 
250 0 
Average ........................... , ...... · · · 3001--0-
Large Spring at edge of Snake River. . July 25 50 I 0 
80 
0 ----
Average. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 0 
Remarks 
I + I Water muddy 
+ Water muddy 
+ 
+ Water muddy 
+ 
0 
0 
Slightly turbid 
0 Clear 
0 
0 Clear 
0 
0 Clear 
0 
0 Clear 
0 
0 Clear 
0 
Green River, Washington ............. Aug. 9 32000 3200 + Turbid 
28000 2800 + 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 30000 3000 
Silver Bow, Butte, Mont .. , ........... July 20 20000 1400 
12000 3500 
Average .................................... 16000 2450 
0 Water muddy 
0 
20
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~·o 
-
0 d • 
C,) ~ ·~ C,) 
00 ~ ......... 
- 0 .... Q) ~ C,) Stream o~,S 
..c 
C,) .... 
.E ~ rlJ Remarks Q) C,) d 8 d Q) = = i:: 1ii~ ~ ::s..C p.. ~..::: ~ "' d ~ z ~ C!:) 
Yellowstone, Livingston, Mont ........ Aug. 17 500 I· ..... 0 Slightly turbid ~~ 0 
Average ........... ................ ..... .... 425 . ..... 
Yellowstone river, Billings, Mont ...... July 14 4200 ...... 0 Water cloudy 
2800 ...... 0 
2400 ...... 0 
2000 ...... 0 
60 ...... 0 
250 ...... 0 
----
Average ........................... ......... 1951 . ..... 
Glendive, Yellowstone River .......... ......... 14000 . ..... 0 Water muddy 
40 ...... 0 
3200 ...... 0 
1050 ...... 0 
----
Average ....... .................... ..... .... 4572 . ..... 
The above table shows the number of organisms found in the 
different streams. I may say that in connection with the test for 
colon bacillus, the writer used from one to ten cubic centimeters of 
water. It may be said in this connection, however, that the quantity 
of water used was perhaps too small. It may be added further in 
this connection, with reference to the Cedar River water, that a 
large amount of debris, such as logs, shingles and lumber, in the 
water will somewhat help to remove the organisms that are found 
in the stream. 
The cases cited above indicate that railroads paralleling streams 
do not contaminate the same from the dejecta or the passage of 
tramps up and down the right of way of the railroad. The presence 
or absence of B. coli-communis is given, because this organism indi-
cates fecal contamination . 
There was no doubt in my mind through the entire region of the 
Cedar River to be traversed by the railroad, that there will not be 
any danger from sewage pollution, or contamination, provided 
proper precautions will be observed. The opinions expressed by dif-
ferent investigators concerning this problem, are best ·stated in their 
own words. 
Professors Abbott, Sedgwick, and Harrington state: 
"It appears that al~mg much of the proposed location, gravel 
and sand are not to be found. The forest floor appears to be 
21
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reasonably thick, but at most points it consists almost wholly of 
combustible matter; and where fires have occurred the soil is shown 
to be chiefly loose rock, with neither sand nor gravel, and conse-
quently not porous and suitable for effective filtration. At some 
points along the route clay and silt deposits are evident; but these 
materials are not suitable filtering media, for they do not permit 
percolation. In view of these facts, special provision will be neces-
sary for proper disposal of such waste matters as may find their 
way to the surface of the ground within and near the limits of the 
right of way during construction and operation of the road; for 
without such provisions, the said wastes would inevitably be washed 
into the river in times of heavy rainfall, and, in the event of their 
containing pathogenic organisms, might lead to disastrous out-
breaks of infective disease. The fact is, however, that the character 
of the water can be adequately safeguarded by. the adoption of 
methods which will be described in detail farther on. 
"The safeguarding of the water supply during the construction 
of the proposed road is by no means a simple matter, for construc-
tion involves the introduction of large numbers of men into the 
w:atershed, whose wastes must be prevented from reaching the 
river. It will be necessary to establish camps at various places, 
and these camps must be provided with water, must be drained, 
must be provided with bathing and laundry facilities and latrines, 
and in all respects must be under constant competent sanitary in-
spection and control far more stringent than, under ordinary con-
ditions, is necessary. It is fortunate that a number of sites for 
such camps are available, at least 500 feet away from the river, 
on benches, where the soil, largely gravel, is dry and porous, and 
hence easily drained and entirely suitable for latrines. Two camps 
may easily be established outside the watershed; one below the 
intake, and one near the power house and just over the divide, 
within the drainage area of the Snoqualmie; arid between these 
two points are the several sites above mentioned, on not more than , 
two of which should camps be established. 
"At the several camps the necessary latrines should be board 
outhouses placed over reasonably deep pits for the reception of the 
discharges, which, out of abundant caution, should be disinfected 
by the application of milk of lime, made from freshly slaked lime, 
and kept protected from contact with the air. This should be pre-
pared as often as twice per week, since with age it loses in caus-
ticity and germicidal power. As the pits become nearly filled, the 
filling should be completed with clean soil, and new ones should be 
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dug. Between camps, other latrines should be established at inter-
vals of a few hundred feet, and portable privies may be used, which 
frequently should be cleaned out and disinfected. 
"Rules relating to the use of these conveniences, and absolutely 
prohibiting the discharge of human wastes elsewhere within the 
watershed should be enforced with great strictness and under 
penalty of dismissal. It will be necessary for the future needs 
of the section hands and others who will constantly be employed, 
and of the wreckers who may be brought in from time to time as 
one or another cause and occasion require, to establish privies at 
reasonable intervals; but for the last-mentioned a portable privy 
carried on the train, with water-tight box or tank, would be prefer-
able. Absolute prohibition of bathing and laundry work in the 
river must be emphasized. 
"In order' that the stretch between the intake and the power 
house shall receive the minimum possible amount of human wastes, 
it is recommended that, while trains are in the valley, all closets 
be kept locked and that no stops be made except in emergencies; 
and that no station or roundhouse be established between those 
points, even with the consent of the city of Seattle by ordinance, 
so long as the intake of the public water supply shall be below the 
present power house. Therefore we recommend the amendment of 
paragraph 2, of section 2 of the ordinance granting the right of 
way, by striking out the words, 'without the consent of the city of 
Seattle first having been granted by ordinance,' and, further, by 
making the prohibition a permanent restriction in the deed. 
"For the most complete safeguarding of the water, it is advised 
that, inasmuch as the soil between the location of the line and the 
river is frequently impermeable, and where made up of loose stone 
is devoid of the qualities necessary for slow filtration, the roadbed 
be trenched wherever necessary or advisable, the trenches bejng 
:filled with gravel and sand, and that dikes be constructed alongside 
the trenches wherever necessary or advisable." 
Prof. Freeman makes this statement: 
"First having a guaranty of the safeguards which can readily 
be provided and which can surely be enforced, I am led to conclude 
that the city of Seattle may prudently grant the desired right of 
way and that it would be unreasonable to withhold it, because of 
the waste in construction and operation, that the best possible 
alternative railroad location involves, and for all of which waste 
the commercial interests of Seattle would ultimately have to help 
pay. 
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"The risks in sanitation that will remain from the presence of 
the railroad after the prescribed safeguards are rigorously pro-
vided, will, I believe, be of the microscopic and academic character 
that we continually have to accept; indeed, it can be figured out 
that the chance of pollution from the railroad after providing rea-
sonable safeguards, will not be one-tenth as great as from other 
sources of possible pollution in lumber camps, sawmill settlements, 
strollers along the stream and in the branch railroad, all of which 
exist today and some of which will continue to exist indefinitely, 
and which, taken all together, are, after all, small in proportion to 
those that are found along the water supplies of many cities with-
out serious epidemics. 
"Those fond of figures may be interested in the following com-
putation: 
"Suppose 1,000 different passengers per day to pass through 
the Cedar River watershed on the St. Paul road; this is 365,000 
per year. Health statistics of Massachusetts (the most complete 
in the United States) show 1.24 cases of typhoid per 1,000 inhab-
itants per year. ·Convalescents and those who have the disease 
in a mild form, in the first week or two of the disease may travel. 
We can at most assume that 450 out of all these 365,000 passengers 
would have typhoid at some time during the year. Calling the 
duration of those stages of the disease within which. one could 
travel, a month, or one-twelfth of a year, we can expect only 
thirty-seven persons actually in the infectious stages will travel 
over the road during the year. 
"If these have so many as four stools per day, the chance is that 
in the twenty minutes (or one-seventy-second of a day) occupied 
by ordinary trains passing through the watershed, these thirty-
seven cases would produce: Thirty-seven cases multiplied by four 
stools, divided by seventy-two, equals two stools per year on track; 
or the probability is that only two discharges per year of excreta. 
from typhoid patients are likely to be dropped on this entire ten 
miles of roadbed from passengers. 
"When we consider that one of the residents of a lumber camp 
sick with typhoid may have an average of say two stools per day 
(we have figured twice this for the passengers), or say at least 
fifty stools during his entire illness-this is twenty-five times as 
many as we figure out as likely to come from all the passengers in 
a year. 
"With 500 persons resident in the watershed, the probability is. 
J 
• 
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of only .62 cases of typhoid per year among them, and, of course, 
most of these residents are remote from the stream. 
"Figuring it in another form, and assuming the domicile in as 
close proximity to the stream as the track: A resident population 
of 2xi,ooo=32 persons would produce the same chance of 
50Xl.24 
infection that will be presented by 1,000 passengers per day on 
the trains." 
Mr. Alvord, in a final discussion of this problem, summarizes 
the following: 
"I. That in the Cedar River watershed the city of Seattle 
possesses a magnificent source of water supply. 
"II. That the city is not now ~nd has not in the last few years 
properly protected this area from gross pollution now existent. 
"III. That a virgin forest or inaccessible country does not af-
ford ideal protection from pollution, but, on the contrary, a district 
easily accessible in every part and open to the publicity of fre-
quent inspections and control offers the greatest degree of pro-
tection. 
"IV. It is the settled policy, therefore, of most sanitary control 
of watersheds, while preventing as far as possible the growth of 
population and the incidental pollution therefrom, to open water-
sheds freely to the public observation, by creating means of access 
which facilitate inspection. 
"V. Railroads, so far as the track and trains are concerned, are 
not regarded as a menace to the purity of surface waters by sani-
tary authorities. 
"VI. It is through population and industries created by rail-
roads that sanitary difficulties occur. 
"VII. The twenty-five miles or so of railway now existing in the 
Cedar River watershed are in themselves no menace to the valley, 
but the logging camps which they serve are so cond.ucted as to ·be 
.serious pollutions in many cases . 
"VIII. That the operation of a completed railway line by the 
Chicago, Milwaukee & St. Paul Railway Company on or near the 
present location can be made entirely safe by some simple precau-
tions, such as fencing, drainage, closed bridge floors and locked 
water closets. 
"IX. That care should be exercised during the period of con-
struction of the railroad to prevent all access to the water by men 
or animals. For this purpose the river front should be entirely 
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fenced off, policed, and where necessary, water should be pumped 
up to the camps from the river under pressure, and in suitable 
quantities, for all purposes, including bathing, and watering ani-
mals. 
"X. That efficient sanitary control should be had over all 
camps, cleanliness enforced, refuse of all kinds promptly collected 
and burned, drainage :filtered and commodious and convenient sani-
tary arrangements provided and strict control and authority main-
tained. 
"XI. That the city of Seattle should also fence in the road which 
it has constructed along the river bank between Barneston and the 
power house, so as to prevent access therefrom to the river. 
"XII. That the city of Seattle_ should regulate and control by 
intelligent sanitary rules the various logging camps now existing 
upon the watershed. 
"XIII. That this would be highly desirable to prevent decaying 
wood and vegetable matter from defacing the shores of Cedar River 
and its important tributaries, and cut off the swamps at the outlet 
of Cedar Lake and immediately above the intake." 
The writer's comments on this subject are summarized as fol-
lows: 
"I may briefly summarize the conditions found by myself in the 
Cedar River Valley and its tributaries. 
1. An investigation of the biology of the water supply leads 
me to say that the water of the Cedar River, Cedar Lake, and 
some of the small tributaries, is excellent; that in some few cases 
pollution has been found, but that this can be remedied by a careful 
inspection on the part of the city and the city should consider it 
its first duty to order a thorough renovation of the objectionable 
places in the watershed of the river, particularly the bad condi-
tions existing along Taylor Creek and the Miller Logging Camp. 
, 2. The city should at once prohibit the roaming at large in the 
watershed of hogs and other live stock. These should not have 
access to the water, nor should the sewage from these animals 
pass into the water. It is also of prime importance that where 
villages and mill camps occur, they should have a sewage disposal 
system, which can be operated at a small expense and perfectly 
protect the watershed. I do not think that the sewage from the 
outhouses, etc., on the high plain above the Cedar River at Barnes-
ton will contaminate the water supply, as the sand and gravel form 
an excellent filter bed, though I would advise some changes there .. 
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3. I would further recommend that the debris, logs, etc., found 
in the river at numerous points should be removed as soon as 
possible; that the material in the swamp of Cedar Lake should be 
cleaned out and made attractive. 
4. The most dangerous time in· connection with the construc-
tion of the C., M. & St. P. Railway through the watershed would 
be at the time when the railroad is being constructed, but sanitary 
science has discovered means of effectually removing all of the 
objectionable features connected with these camps. All of the 
material can be cremated and removed, so that there would be no· 
chance for infection. The city should provide sanitary inspection 
at each of the camps, and furthermore a. physician should be em-
ployed to give proper medical attendance. 
5. The railroad in passing through the watershed should have 
all toilet rooms locked, and there should be no stations permitted 
anywhere between the power plant and the city intake; that a 
road running through the city watershed will add greatly to the 
facilities for protecting and police patrolling the district later; 
that because of the excellence of the filter material, consisting of 
sand and gravel~ there would at no time be any danger from the 
passage of infectious material from the right of way to the water; 
that where the distances are fifty feet and less, the drainage should 
be carried to some convenient place, and there discharged into a 
filter bed. These filter beds are efficient in the removal of all 
organisms. It has been shown experimentally in numerous filtra-
tion plants in the country, where sewage is disposed of in this 
way, that from 99 to 99.8 per cent of the bacteria can be removed, 
and that the conditions existing in the Cedar River ·watershed 
would be even greater than in the figures I have here given. 
6. I can see no reason why the C., M. & St. P. Railway should 
not be given a right of way through the Cedar River Valley, and 
believe it would not endanger the purity of the city's water supply . 
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Figure I. is a cut on the Northern Pacific Railroad, near the Cedar River. A 
little rivulet runs along side of the road bed, but no washing of soil occurs, al-
though the rainfall is over 100 inches a year. 
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Figure II. is a forest scene. A log of Oregon "!"ir in the foreground. The ground 
is covered with humus and other organic matter. Underneath the humus sand 
and gravel. 
.. 
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Figure III. Outhouses over the bank of Taylor Creek, Miller's logging camp. 
Sewage may thus reach Seattle water supply. 
10 
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Figure IV. On the Cedar River. 
A rapid flowing stream. 
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